Molecular methods are becoming increasingly common for taxonomic and ecological studies of marine and freshwater plankton. Recently, nucleic acids have been used as target molecules for identification and quantification of prey species in studies of trophic interactions. A critical step in the quantification of mesozooplankton feeding by molecular analysis is the isolation of microalgal DNA from predator guts and in the food environment. It is essential that total genomic DNA extraction provides maximum quantitative yield suitable for downstream analysis. In this study, we compared the efficacy and experimental variability of eight different protocols for total genomic DNA extraction from free-living microalgae and microalgae within the gut of copepods. We also developed and evaluated different sampling procedures for copepods prior to genomic extraction. The optimal protocol was evaluated using real time quantitative polymerase chain reaction (qPCR) and the integrity of the genomic DNA was determined by amplifying PCR targets of increasing size. Considerable variability was observed between purification protocols. Qiagen DNeasyw Blood & Tissue kit was the most efficient of the tested methods for genomic extraction from both free-living microalgae and microalgae inside copepod guts. Furthermore, the appropriate handling of predator copepods prior to genomic extraction was essential for quantitative gut content estimates.
Molecular methods are becoming increasingly common for taxonomic and ecological studies of marine and freshwater plankton. Recently, nucleic acids have been used as target molecules for identification and quantification of prey species in studies of trophic interactions. A critical step in the quantification of mesozooplankton feeding by molecular analysis is the isolation of microalgal DNA from predator guts and in the food environment. It is essential that total genomic DNA extraction provides maximum quantitative yield suitable for downstream analysis. In this study, we compared the efficacy and experimental variability of eight different protocols for total genomic DNA extraction from free-living microalgae and microalgae within the gut of copepods. We also developed and evaluated different sampling procedures for copepods prior to genomic extraction. The optimal protocol was evaluated using real time quantitative polymerase chain reaction (qPCR) and the integrity of the genomic DNA was determined by amplifying PCR targets of increasing size. Considerable variability was observed between purification protocols. Qiagen DNeasyw Blood & Tissue kit was the most efficient of the tested methods for genomic extraction from both free-living microalgae and microalgae inside copepod guts. Furthermore, the appropriate handling of predator copepods prior to genomic extraction was essential for quantitative gut content estimates.
I N T RO D U C T I O N
Copepods dominate the marine plankton biomass and they play a critical role in the marine food web as mediators of energy transfer to higher trophic levels (Verity and Smetacek, 1996) . Thus, the ability to accurately estimate copepod feeding preferences and rates is vital for a quantitative understanding of trophic interactions and processes that structure marine ecosystems. However, because of methodological constraints, it remains a challenge to identify and quantify copepod feeding in situ without significant experimental bias (Båmstedt et al., 2000; Nejstgaard et al., 2003 Nejstgaard et al., , 2008 . Molecular techniques could potentially overcome this challenge. These techniques are increasingly being used in taxonomic and ecological studies of plankton in marine and fresh water systems. In particular, polymerase chain reaction (PCR) based techniques are becoming more and more common for the detection of prey species in trophic interactions in plankton and elsewhere (Nejstgaard et al., 2003; Harwood and Obrycki, 2005; Jarman et al., 2006 and recently reviewed by King et al., 2008) . There has been a promising development in PCR-based methods to detect prey-specific nucleic acid target molecules in the diet of copepods and other marine zooplankton. For example, Nejstgaard et al. (Nejstgaard et al., 2003) demonstrated successful extraction of total genomic DNA and PCR amplification of the prey-specific 18S ribosomal RNA gene from the guts of calanoid copepods and from their fecal pellets. A major advantage of using nucleic acids for gut content analysis is that they allow precise identification of species-specific predator-prey relationships which is not possible to ascertain based on most other classes of biomarkers.
To further develop nucleic acid-based methods for gut content analysis, efforts have been undertaken to estimate feeding rates by quantifying prey DNA in predator guts using real time quantitative PCR (qPCR). Troedsson et al. (Troedsson et al., 2007) and Nejstgaard et al. (Nejstgaard et al., 2008) used this approach to estimate feeding rates of appendicularians and copepods, respectively. Although successful for appendicularians, the assay developed for copepods highlighted two main concerns. First, a critical step in the use of prey nucleic acids as biomarkers for quantitative estimates of trophic links is the use of in situ target cells as standards for the quantitative PCR assay. It is therefore necessary to use DNA purification methodologies that yield maximal efficiency on free-living prey and from within the gut of copepods. The second concern was that the prey ingestion rates obtained by qPCR were significantly underestimated compared with independent methods. Nejstgaard et al. (Nejstgaard et al., 2008) hypothesized that qPCR-based gut content underestimates were due to rapid digestion of prey DNA inside copepod guts. Durbin et al. (Durbin et al., 2008) reached a similar conclusion based on investigations of feeding by the carnivorous copepod Centropages typicus on another copepod, Acartia tonsa. In recent laboratory studies, Troedsson et al. (Troedsson et al., 2009 ) demonstrated that algal prey DNA is rapidly digested after ingestion by the copepod Calanus finmarchicus. Thus, for the development of quantitative nucleic acid-based gut content assays for copepods, it is critical to optimize sampling and DNA purification protocols. These procedures must maximize prey DNA recovery, minimize experimental variability and prey DNA digestion.
In this study, we systematically investigated a variety of copepod sampling and handling procedures and DNA purification protocols to develop the most robust and reproducible approach for extracting and purifying prey DNA consumed by calanoid copepods suitable for quantitative PCR-based analyses.
M E T H O D Algal cultures
Culture conditions and origins of the 10 algal species used in this study are reported in Table I . Algae were cultured in f/2 medium (Guillard, 1975) and in IMR medium (Eppley et al., 1967) . Cell concentrations were determined by light microscopy using a FuchsRosenthal hemocytometer.
Genomic DNA purification from algal cultures
Each algal species (ca. 2 Â 10 6 cells) was harvested during exponential growth phase in sterile 50 mL centrifuge tubes (BD Falcon, BD Biosciences). Cells were collected by centrifugation at 5450g for 30 min and cell pellets were stored at 2808C until further analysis. Total genomic DNA was extracted using six different methods. Four commercially available kits (Chelexw 100 Bio-Rad, Ultra clean TM soil DNA isolation MoBio, and DNeasyw plant mini kit Qiagen, DNeasyw blood and Tissue kit Qiagen) and two methods based on hexadecyl-trimethyl-ammonium bromide (CTAB) were compared.
The different extraction procedures were as follows. For the Chelexw 100 Bio-Rad method, hereafter referred to as "Chelex", a protocol adapted from Walsh et al. (Walsh et al., 1991) was utilized. In this procedure, the algal pellet was dissolved in 200 mL of 10% (w/v) solution of Chelex and incubated at 958C for 20 min with thorough mixing after 10 min. Following this incubation, the tubes were centrifuged at 6000 g for 1 min and the supernatant containing genomic DNA was used directly as a template in downstream PCR analysis. For the Ultra clean TM soil DNA isolation MoBio, hereafter called "MoBio", we followed the procedure described by the manufacture for maximum yields. All samples were eluted in 60 mL of PCR grade nuclease-free water. For the DNeasyw plant mini kit Qiagen, hereafter reported as "Plant kit", we followed the procedure described by the manufacturer for total DNA from plant tissues. All samples were eluted in 2 Â 50 mL of PCR grade nuclease-free water and the elutants were pooled. The DNeasyw Blood and Tissue kit Qiagen, abbreviated henceforth as the "Tissue kit", was used according to manufacturer's instructions for total DNA from animal tissues with an additional RNase A treatment as recommended by the manufacturer. All samples were eluted in 2 Â 100 mL of PCR grade nuclease-free water and the elutants were pooled. In one of the approaches based on CTAB, genomic DNA was extracted using phenol/chloroform -ethanol as described by Sambrook et al. (Sambrook et al., 1989) , and all samples were eluted in 38 mL of PCR grade nuclease-free water. This method is hereafter called "CTAB Phenol/Chloroform". In the second CTAB-based approach, called "CTAB DNeasyw mini spin column", samples were initially extracted in the presence of CTAB as described above and purified using DNeasyw mini spin columns (Qiagen). Briefly, algal pellets were initially dissolved in a 500 mL lysis solution (0.5% SDS, 20 mg/ml proteinase K) and incubated 60 min at 558C. An extraction buffer containing 80 mL of 5 M NaCl and 100 mL pre-warmed CTAB solution (10% CTAB hexadecyltrimethyl ammonium bromide) in 0.7 M NaCl was added to each sample and incubated for an additional 10 min at 658C. Genomic DNA was purified from these extracts using a DNeasyw mini spin column (Qiagen) with two subsequent washing steps provided in the kit. Samples were eluted in 2 Â 50 mL of PCR grade nuclease-free water and the elutants were pooled.
PCR/qPCR amplification of free-living algae
To determine the best protocol for genomic DNA extraction from free living algae, Chelex, MoBio, Plant Kit, CTAB Phenol/Chloroform and CTAB DNeasyw mini spin column extraction protocols were evaluated using end-point PCR. The protocol resulting in the most efficient extraction was then further compared with the Tissue kit using both end-point PCR and qPCR.
In order to account for the different elution volumes produced from the extraction used here, genomic DNA concentrations for subsequent PCR and qPCR analyses were standardized to 1% of the final elution volume from each protocol. The actual amount of DNA was not routinely quantified.
End-point PCR and qPCR amplifications were performed using the 18S rRNA targeted oligonucleotide primers Univ F-1131 and Univ R-1629 (Tables II and  III) . As previously described by Troedsson et al. (Troedsson et al., 2008) , these universal primers generate an amplicon of $500 bp from most eukaryotic organisms including all the algal species utilized in this study and are therefore referred to as "universal" eukaryotic primers. End-point PCR reactions were performed in 25 mL reaction volumes using the TaKaRa Bio Inc Ex Taq TM (Mg 2þ free Buffer) polymerase kit, 0.8 mM of each universal primer (Univ F-1131 and Univ R-1629), 10 mM dNTPs and 1 mM of Mg 2þ . Amplification was performed using an iCycler TM standard thermocycler (BioRad) as follows: initial template denaturation (958C for 5 min); 30 amplification cycles (948C for 30 s; 518C for 30 s; 728C for 30 s); and a final extension step (728C for 10 min). PCR products were visualized by electrophoresis on 1.5% SeaKemw LE Agarose gel and stained with a final concentration of 0.5 mg mL 21 ethidium bromide. Real time PCR reactions were performed using the same universal primers described Table II : Name, sequence and source of the 18S rDNA primers used in this study Primer (a) Primer sequence (5 0 to 3 earlier (Tables II and III ). An Opticon2 MJ Research real time thermal cycler was used. Twenty-five microliter reaction volumes contained 10 mL of 2 X QuantiTech SYBR Green Master Mix (Qiagen) and 0.3 mM of each primer. Amplification was performed as follows: initial template denaturation (958C for 15 min); 40 amplification cycles (948C for 30 s; 528C for 30 s; 728C for 30 s; 788C for 2 s) and a final extension step (728 for 10 min). Fluorescence was measured after both 72 and 788C to investigate possible primer dimmer formation that would confound the results. Finally, each reaction was followed by a melt-curve thermal profile from 658 to 958C to evaluate the specificity of the primers. PCR grade water was used as template for negative control. Each sample was run three times. Samples yielding amplification efficiencies lower than 70% were not used in the analysis. Mean primer efficiency in all qPCR reactions was 81.4+6.5% (Table III) .
Feeding experiments
The quantity and quality of prey genomic DNA recovery by the different extraction and purification protocols was determined in controlled gut filling experiments using the calanoid copepod Calanus spp. fed the cryptophyte alga Rhodomonas marina (Dangeard 1892) Lemmermann. All copepods were collected by gentle net tows from 0 to 30 m depth in the Raunefjord, western Norway (60816 0 N, 05814 0 E) at the end of November 2007. A 500 mm mesh size, 1 m diameter net with a 14 L non-filtering cod-end was used. Plankton tow samples were diluted in 40 L surface water and transferred within 30 min of collection to a walk-in cold room, maintained at constant temperature (128C) with dim light on a 14:10 h light:dark cycle. Using a wide mouth pipette, stage CV or CVI females of Calanus spp. were sorted into 5 L beakers with food suspensions of R. marina (800 -1600 mg C L
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). These prey concentrations had previously been shown to yield saturated feeding rates by C. finmarchicus (Nejstgaard et al, 1995; Båmstedt et al., 1999) . The food suspensions were replaced every 48 h. Copepods were acclimatized and maintained under these conditions for 3 weeks.
At the beginning of each feeding experiment, animals were starved for 3 h in filtered (GF/F) seawater to empty their guts. To allow each group of animals to fill their guts simultaneously, they were randomly split into 12 groups of ca. 20 individuals, transferred into acrylic Perspex chambers with 500 mm false bottoms containing 450 mL saturating food suspensions of R. marina and incubated for 20 min. This incubation time was chosen to maximize gut content and minimize defecation. After the incubation, copepods were removed and quickly rinsed by dipping the Perspex chambers in four consecutive baths of 450 mL filtered (GF/F) seawater. The 12 groups were further divided into three subgroups and processed according to the different sampling procedures (see below).
Sampling methods of copepods
To determine the effect of different sampling manipulation on the efficiency of prey genomic DNA recovery and its integrity, we compared three independent sampling and handling methods. In the first method, after feeding incubation, copepods were flash frozen by dipping the Perspex chambers in liquid nitrogen for 10-20 s to stop gut activity and prevent defecation before further processing. Within few minutes, the copepods were thawed in filtered (GF/F) seawater, collected onto a Petri-dish and randomly sorted under dim light for DNA or gut pigment analysis [as described for gut pigment analysis of copepods, (Båmstedt et al., 2000) ]. In the second method, copepods were killed after the feeding incubation by dipping the Perspex chambers in 400 mL 80% ethanol. Animals were then collected onto a Petri dish and randomly sorted under dim light for DNA or gut pigment analysis. In the third method, copepods were sedated by dipping the Perspex chamber in 400 mL 0.37 mg/mL tricaine methane sulphonate (MS222) (Sigma). Animals were then collected onto a Petri dish containing 0.37 mg/mL MS222 and randomly sorted under dim light for DNA or gut pigment analysis.
Copepods for gut pigment analyses were extracted for 12 h in 90% acetone at 48C and analyzed with a Turner Designs TM Model 10-AU Fluorometer as previously described in Nejstgaard et al. (Nejstgaard et al., 1995) . Copepod gut pigment [chlorophyll a (Chl a) and derivates] concentrations were calculated as described in Båmstedt et al. (Båmstedt et al., 2000) . To convert gut pigment concentration to algal cell number, the pigment concentration from 5, 1 and 0.1 mL of a R. marina culture was determined and correlated with cell counts by microscopy (1.4 pg Chl a cell
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, r 2 ¼ 0.99). Rhodomonas marina culture was obtained from the same strain, grown at the same conditions and harvested at the same growth phase as the one used in the feeding experiment. Chlorophyll a and cell counts were determined in triplicates.
Prey DNA isolation from predators gut
The small size of the copepods (,2.5 mm long) makes dissection of their stomachs impractical; therefore DNA was extracted from whole animals. The efficiency of DNA recovery from algal prey inside the copepods was compared using the four commercial DNA purification kits described earlier (Chelex, Plant kit, Tissue kit and MoBio). Total genomic DNA from Calanus fed algae was extracted using, (i) the protocol recommended by the manufacturer and (ii), according to a modified protocol in which copepods were sorted in pre-heated homogenization buffer and subsequently extracted following the recommended protocol. In the modified Chelex protocol, copepods were sorted into 1.5 mL Eppendorf TM microtubes containing 100 mL of 10% Bio-Rad Chelex at 958C. For the modified Plant kit protocol, copepods were sorted into 400 mL of buffer AP1 and 4 mL of RNase A at 658C. In the modified Tissue Kit, prey DNA was extracted by sorting copepods into 180 mL of buffer ATL and 20 mL of Proteinase K at 568C while for the modified MoBio kit copepods were sorted in 60 mL of solution S1 and 200 mL of Solution IRS (Inhibitor Removal Solution) at 608C.
qPCR amplification of algae inside copepod guts
To investigate the integrity of prey DNA extracted from copepod guts, three Rhodomonas spp.-specific 18S rDNA targeted PCR primer sets (Tables II and III) that amplify different length fragments ranging from 74 to 616 bp (Table III) were used. The level of DNA degradation was determined by observing the decrease in estimated cell number using amplicons of increasing size. As explained in Deagle et al. (Deagle et al., 2006) , the ability to recover large fragments via PCR/qPCR indicates low level of DNA degradation.
Real time qPCR was performed under the same conditions as reported earlier for free living algae, with the exception of the annealing temperature which differed for the three Rhodomonas primer sets (Table III) . For qPCR standards, algal cells were enumerated in the cultures by light microscopy using Fuchs-Rosenthal haemocytometer and harvested by centrifugation (7000 g) for 15 min. Cell loss during harvesting was corrected by counting and subtracting the number of cells found in the supernatant. Genomic DNA was purified from harvested cells using the Plant kit as described earlier. Four-point standard curves were made by diluting the extracted DNA in nuclease-free water which amounted to 1.6 Â 10 4 , 1.6 Â 10 3 , 1.6 Â 10 2 and 1.6 Â 10 1 cells. All standards were run in triplicate and the correlation coefficients (r 2 ) ranged from 0.993 to 0.998. Each of the triplicate copepod samples for qPCR was run in two independent reactions and the mean of these estimates was used for statistical comparisons. Reactions with amplification efficiencies lower than 70% were not used in the analysis. Mean reaction efficiencies were 84.2+9.5% for the 74 bp amplicon, 89.0+7.5% for the 213 bp amplicon and 84.5+7.5% for the 616 bp amplicon (Table III) .
Statistical analysis
All statistical analysis was carried out using SPSS software version 3.5 (SigmaStat, Chicago, IL, USA). Data are expressed as mean+standard deviation. Comparison between two groups was made by paired t tests, while comparison between three groups was first done by a one-way ANOVA, followed by a post hoc Holm -Sidak test. The normal distribution of the data was automatically tested by the software.
R E S U LT S Extraction and PCR/qPCR amplification of free living algae
As an initial qualitative indicator of the efficacy of the different methods to extract DNA from free-living algae, end-point PCR targeting the 18S rRNA gene was utilized. The Plant kit provided the best overall purification method for genomic DNA, yielding PCR amplifiable DNA from all 10 microalgal species tested as shown by gel visualization of PCR products (Fig. 1A and Supplementary, Fig. 3 ). The MoBio kit appeared to be the second best followed by the Chelex method. Protocols based on CTAB generated little or no PCR amplicons (Fig. 1A) . In general, there was not a clear relationship between the type of algae and the effectiveness of different DNA purification protocols, but our results indicate considerable variability in overall efficiency between the different protocols.
In a second experiment, we qualitatively compared the effectiveness of genomic DNA extraction from independent algal cultures using the Plant kit and the Tissue kit. Both protocols yielded PCR amplifiable DNA from all 10 microalgae (Fig. 1B and Supplementary Fig. 3 ). The intensity of the bands, used as a proxy to estimate the amount of extracted DNA, was similar for the two extraction protocols. Only from three algae, Skeletonema marinoi, Prymnesium parvum and Isochrysis spp., did the extraction from the Tissue kit appear to be more efficient (Fig. 1B) . To further investigate these methods, we compared the extraction efficiency using a real time qPCR analysis. The cycle threshold C(t) values obtained were compared for each algal species. Significantly lower C(t) values for the Tissue kit (Table IV) showed that this kit extracted more genomic DNA than Plant kit from the tested algae (t-test, P ¼ 0.031).
Sampling, and extraction of prey algae in copepod guts
Eight genomic DNA extraction methods and three different sampling procedures were compared to determine the best combination to quantitatively extract and purify algal prey DNA (R. marina) from predator guts (Calanus spp.). Extraction efficiency was determined by comparing the amount of DNA recovered by each protocol expressed as the number of cells in predator guts (cells cop 21 ). Moreover, the level of degradation of the recovered prey DNA was determined by observing the decrease in amplified target DNA by increasing sized amplicons ( Fig. 2 and Table V) .
The Plant kit and MoBio appeared to be the least efficient methods to extract R. marina DNA from copepod guts. Both kits yielded low amounts of prey DNA compared with the other extraction protocols in all of the sampling procedures used (Fig. 2 and Table V) .
Although Chelex yielded somewhat higher DNA extractions than the Plant and MoBio kits, especially at room temperature when copepods were either flash frozen in liquid nitrogen or killed in 80% ethanol, the extracted DNA was heavily degraded as indicated by the estimated cell number difference using the 74 bp versus the 616 bp amplicons (174 + 79 vs. 17 + 17 cells cop 21 respectively when flash frozen, and 127 + 82 vs. 4 + 4 in 80% ethanol, Fig. 2A and E and Table V) . Further, at 958C, the DNA yield from the Chelex was even lower than at RT, and comparable with the Plant and MoBio kits, independently of the sampling method ( Fig. 2A and Table V) . Copepods sedated in MS222 yielded the lowest cell estimates for Chelex in both RT and at 958 (Fig. 2I and Table V) .
The Tissue kit combined with MS222 sampling showed the highest extraction efficiency combined with the lowest degradation ( Fig. 2J and Table V) . When the Tissue kit was combined with the other sampling methods, it also showed high extraction efficiency but higher DNA degradation. When copepods were flash frozen in liquid nitrogen and extracted with the Tissue kit at RT and at 568 C the number of prey cells estimated with the 74 bp amplicon was 99 + 42 and 103 + 43 cells cop 21 , respectively, while the longer amplicon (616 bp) showed only 30 + 10 and 29 + 16 cells cop
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, respectively, indicating degraded DNA (Fig. 2B and Table V) . DNA recovered from copepods sampled in 80% ethanol and purified using the Tissue kit at RT resulted in high, but variable, prey cell numbers based on the 74 bp amplicon (252 + 256 cells cop 21 ), and because there was a large difference in the estimated gene copy number based on the 616 bp amplicon (48 + 12 cells cop
, Fig. 2F and Table V) , we conclude that the DNA recovered by this combination of sampling and purification protocols yielded highly degraded material. Combining the sampling in 80% ethanol and the Tissue kit at 568 C may have yielded a lower amount of prey cells with the shortest (74 bp) amplicon (84 + 5 cells cop 21 ). However, the similar or higher cell numbers estimated with the two longer amplicons (119 + 97 and 60 + 25 cells cop 21 , respectively, for the 213 and 616 bp amplicons, Fig. 2F and Table V) indicate that prey DNA was less degraded in the 568C Tissue kit when using ethanol sampling. This was also found when Tissue kit 568C was combined with the two other sampling methods. Overall, the combination of sedation of copepods in MS222 and sampling them directly into the Tissue kit homogenization buffer at 568C appeared to be the most effective procedure for purifying algal DNA consumed by Calanus spp. (Fig. 2J and Table V ). In particular, sorting the copepods directly into a pre-warmed homogenization buffer provide the best combination between total DNA yield and integrity (171 + 84 and 166 + 79 cells cop
, respectively, for the 74 and 616 bp amplicons) ( Fig. 2J and Table V) .
The comparison between the three different copepod-sampling procedures was based on the 
D I S C U S S I O N
In this study, we systematically investigated several different DNA extraction, sampling and handling protocols to identify an optimal procedure for quantitatively determining the amount of prey DNA present in copepod guts using a qPCR approach. This study and our previous investigations (Nejstgaard et al., 2008) suggest that quantitative estimates of copepod gut content based on nucleic acid biomarkers is susceptible to experimental artifacts associated with prey DNA extraction procedures and with the animal sampling and handling approaches. Therefore, if quantification of copepod feeding rates is to be determined based on qPCR estimates of prey DNA extracted from copepods, it is critical that these factors are considered and minimized.
For free-living microalgae, the Qiagen kits, especially the Tissue kit, were the most effective for extracting genomic DNA from all the algal species examined. In comparison, the MoBio kit appeared to be second best, but was less robust not yielding clear bands for all tested species (Fig. 1A) . Chelex did not effectively extract DNA from any of the four diatoms, and was effective only on four naked flagellate algae species (Fig. 1A) . Chelex is a chelating agent that is presumed to prevent the degradation of DNA by chelating metal ions that act as catalysts in the breakdown of DNA (Singer-Sam et al., 1989; Walsh et al., 1991) . Cell lysis is achieved by heating the samples to 958C in a 10% Chelex solution. We suggest that the Chelex treatment is too mild for efficient lysis of the cell wall in the tested diatoms. However, Richlen and Barber (Richlen and Barber, 2005) obtained DNA suitable for PCR from the marine dinoflagellates Gambierdiscus toxicus using Chelex. The thecal plates of this microorganism are thick (Adachi and Fukuyu, 1979) and highly resistant to freezing and sonication (Vernoux and Lejeune, 1994) . While these results appear contrasting, we hypothesize that the cell walls of these dinoflagellates may be more vulnerable to lysis under higher temperatures than the silicate thecae of diatoms and possibly also the calcareous coccolith covered E. huxleyi cells tested here. However, this needs further investigation. Both of the CTAB-based extraction methods tested in this study were not effective. This was unexpected since the CTAB method was developed for routine genomic DNA extraction of a range of organisms including dinoflagellates (Kamikawa et al., 2006) , bacteria from environmental samples (Thakuria et al., 2008) and higher plants (Murray and Thompson, 1980; Saghai Maroof et al., 1984; Doyle and Doyle, 1990; Porebski et al., 1997) . Although it is possible that the method performs better on bacteria or dinoflagellates, it does not seem to be an adequate method for the quantitative extraction of DNA from a large diversity of potential copepod prey organisms.
When we tested the effectiveness of the different methods to extract prey DNA from copepod guts, we observed that the Plant and MoBio kits were not effective at purifying DNA from the cryptophyte R. marina after it had been fed as prey to Calanus spp. (Table V) , despite the fact that both these kits were able to effectively extract genomic DNA from the same algal species when free living (Fig. 1A) . For the Plant Kit, this was probably due to the chitinous exoskeleton of copepods acting as a barrier resistant to the lysis process of this protocol. The poor performance of the MoBio kit is more difficult to understand. This kit is designed to extract microbial organisms DNA in soil using a combination of heat, detergent and vortexing with beads to lyse the samples. This relatively vigorous lysis process should be sufficient to lyse the copepod exoskeleton. However, because the procedure is so vigorous, genomic DNA is sheared, which reduces the amount of available PCR amplifiable DNA recovered, even when short amplicons are targeted. Overall, the Tissue kit appeared to be best of the tested methods for extracting prey DNA from Calanus spp. guts.
Three different handling protocols for copepods were evaluated. The protocol that involved sedating the animals immediately upon harvesting and transferring them live directly into the pre-warmed Tissue kit lysis buffer, produced PCR amplifiable prey DNA with a minimum amount of degradation ( Fig. 2J and Table V) . Following the same procedure, Troedsson et al. (Troedsson et al., 2007) reported quantitative ingestion rates and house trapping rates using DNA based gut content methods from the gelatinous zooplankton Oikopleura dioica which compared well with independent literature data using classical methods. We suggest that this protocol minimizes post mortem digestion of prey DNA by reducing the release and activity of native copepod nucleases. Degradation of prey DNA by predatory associated nucleases has also been suggested by Passmore et al. (Passmore et al., 2006) as an explanation of poor PCR amplification yields from gut content analysis of Euphausia superba preserved by freezing. These investigators hypothesized that prey DNA was degraded by nuclease enzyme during the defrosting process (Passmore et al., 2006) . High levels of prey DNA degradation in copepods were also hypothesized by Nejstgaard et al. (Nejstgaard et al., 2008) as the cause of the consistent underestimation of the number of algal cells in copepod guts based on DNA, compared with number estimated by gut pigment analysis. The results obtained here suggest that such degradation may be due to a combination of physiological DNA digestion related to the food assimilation process and degradation depending on the sampling and handling of the predators and on the prey DNA extraction. Here we have optimized the protocol for minimizing the post mortem prey DNA degradation.
In addition to the contribution of experimental procedures to prey DNA digestion associated with copepods, a host of physical, biological and physiological factors associated with the living animals are also thought to influence prey DNA digestion. For example, temperature, predator species, prey species and recent feeding history may all influence the digestion of prey DNA. However, assuming that it is possible to minimize post mortem prey DNA digestion due to handling and DNA extraction procedures, it should be possible to identify and quantify these factors which, unlike experimental artifacts, should be non-random and predictable. A full understanding of the processes that result in copepod prey DNA digestion will therefore enable the determination of robust correction factors that will allow the estimation in situ copepod feeding rates based on the quantitative determination of prey DNA in copepod guts by qPCR.
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